The study aimed to assess the efficacy of an integrated water safety plan (WSP) in controlling Legionella re-growth in a respiratory hydrotherapy system located in a spa centre, supplied with sulphurous water, which was initially colonized by Legionella pneumophila. Heterotrophic plate counts, Pseudomonas aeruginosa, Legionella spp. were detected in water samples taken 6-monthly from the hydrotherapy equipment (main circuit, entry to benches, final outlets). On the basis of the results obtained by the continuous monitoring and the changes in conditions, the original WSP, including physical treatments of water and waterlines, environmental surveillance and microbiological monitoring, was integrated introducing a UV/ultrafiltration system. The integrated treatment applied to the sulphurous water (microfiltration/UV irradiation/ultrafiltration), waterlines (superheated stream) and distal outlets (descaling/disinfection of nebulizers and nasal irrigators), ensured the removal of Legionella spp. and P. aeruginosa and a satisfactory microbiological quality over time. The environmental surveillance was successful in evaluating the hazard and identifying the most suitable preventive strategies to avoid Legionella re-growth. Ultrafiltration is a technology to take into account in the control of microbial contamination of therapeutic spas, since it does not modify the chemical composition of the water, thus allowing it to retain its therapeutic properties.
INTRODUCTION
Therapeutic spas are widespread throughout Italy, where there are around 380 certified spa centres; of these, about a third includes respiratory hydrotherapy. The thermal waters are used for both recreational and therapeutic purposes in the form of baths, muds, hydro-massage and respiratory hydrotherapy. In some cases they may be con- This study describes the results of the monitoring of the microbiological quality of the sulphurous spa water coming from a system for respiratory hydrotherapy, which in 2003 was found to be colonized by L. pneumophila. The contamination was abated by making some structural adjustments and implementing a water safety plan (WSP) that included a protocol of periodic heat disinfection and the systematic microbiological monitoring of the water quality. A description of these interventions and the results obtained in the first year of follow-up (2004-2005) have been previously reported (Leoni et al. ) . This paper now reports the results of the subsequent follow-up, during which the bacteriological monitoring of the respiratory hydrotherapy system, in the context of a more general WSP, proved fundamental in showing the re-growth of Legionella spp. and in guiding decisions for the prevention of Legionella re-colonization of the waterlines.
The aim of this study is to assess the efficacy of an integrated WSP and the importance of its continuous review and adaptation on the basis of the changing conditions shown by systematic monitoring. A further aim is to evaluate the feasibility of the ultrafiltration process which, in combination with other physical methods, can be particularly efficacious in the control of the microbial contamination of spa water used for therapeutic purposes. In fact, by non-affecting the mineral content in salts and metal ions, this technique is able to guarantee the maintenance of therapeutic properties of the water, while it provides an effective barrier for bacteria, viruses, suspended particles and colloids (CDC ; 
MATERIALS AND METHODS

Respiratory hydrotherapy system
The respiratory hydrotherapy system is supplied by natural sulphurous water. In the period 2003-2004 the system was found to be colonized by L. pneumophila serogroup 1 and 5 and consequently underwent corrective measures that were able to control the Legionella contamination, as previously described in the article reporting the results at 1
year of follow-up (Leoni et al. ) . Review and adaptations to the initial WSP are detailed in Table 1 Unvaried Water heat shock: the sulphurous water in the boiler is heated to 70-75 W C twice a week for at least 3 hours Heat shock eliminated; UV/ Ultrafiltration introduced Waterlines heat shock: 3 times a week, on alternate days, the water lines of the benches are treated with superheated steam (1 atm.) which is introduced in the circuit for 1 hour and released from the nebulizers at a temperature of at least 80 W C Unvaried Chemical shock treatment in the event of re-growth: descaling with nitric acid and shock disinfection with chlorine dioxide. Chlorine dioxide is produced from the reaction between 9% hydrochloric acid and 7.5% sodium chlorite and introduced into the network in order to obtain a concentration of 20 ppm for 12 hours at the points of use. After treatment, waterlines are rinsed with sulphurous water until complete removal of chlorine dioxide Table 2 shows the mean composition in oligo-elements of sulphurous water at the source (samples collected from the well) and after the treatment with the combined UV irradiation and ultrafiltration processes (samples collected at entry to benches). The main physico-chemical characteristics of the thermal water were not substantially altered by the combined treatments. In particular, the sulphur content which gives the water its peculiar therapeutic properties ranged between 2.60 and 3.40 mg L -1 in the well and between 2.55 and 3.40 mg L -1 after the combined UV/ultrafiltration process. suggesting that a microbial biofilm had formed inside the tubes. In the benches, both at entry and in the distal devices, P. aeruginosa was occasionally isolated at low concentrations. At the end of the 4-year period, L. pneumophila serogroup 1 and 3 was recovered at the entry and from the distal distribution points of two benches with aerosol devices, while it was never detected in the main circuit water.
RESULTS
Shock disinfection with chlorine dioxide was immediately performed in the contaminated bench waterlines, in accordance with the internal WSP that established a chemical shock treatment in the event of re-growth of Legionella spp. (Table 1 ). Shock treatment was followed by flushing with the spa water, which was allowed to flow until all residual chlorine dioxide had disappeared. Figure 1 shows the trend of P. aeruginosa and L. pneumophila contamination in the 5 months following the shock treatment.
With a periodicity of about 3-4 weeks, the sulphurous water was collected from the final outlets of the two contaminated benches (for each sampling session: 5-9 samples per bench). Just 1 month after the shock treatment, L. pneumophila serogroup 3 was re-isolated from the Range (CFU mL -1 ) ( 1 -1.5 × 10) (3-10) (2-6.0 × 10) (7-4.1 × 10 2 ) (2-3.2 × 10) (0-4.0 × 10 2 ) ( 1 -1. Range (CFU mL -1 ) ( 1 -9) (1-1.5 × 10) (3-2.9 × 10) (2-5.2 × 10 2 ) (2-1.9 × 10) (3-3.2 × 10 2 ) ( 2 -1.3 × 10) (2-6.9 × 10 3 ) ( 1 -5.4 × 10) (Table 1 ). In the following 4 years L. pneumophila and P. aeruginosa were no longer isolated in any of the monitored points (Table 3) . Also, the HPCs remained significantly lower than those recorded in the 4 years before the installation of the new integrated system, in the main circuit water (22 W : P < 0.01; 37 W : P < 0.01), at entry to the benches (22 W : P < 0.001; 37 W : P < 0.001) and in the distal points of use (22 W : P < 0.05; 37 W : P < 0.001).
P. aeruginosa
DISCUSSION
The integration of the various physical treatments gave satisfactory results in controlling the contamination of the spa water used for respiratory hydrotherapy. UV irradiation con- 
CONCLUSIONS
In the spa system examined, the internal WSP allowed for the identification at onset of the re-growth of L. pneumophila in certain specific points and to avoid re-colonization through the prompt application of corrective measures. In order for it to be effective, the control system must be dynamic, that is to say open to modifications on the basis of the period results, as well as integrated, that is to say involving different, combined actions for the control of the various critical points.
The treatments of sulphurous water (microfiltration/UV irradiation/ultrafiltration), waterlines (superheated stream) and distal outlets (protocol of descaling/disinfection of nebulizers and nasal irrigators), used in combination, ensured the maintenance over time of a satisfactory microbiological quality in the water and of its natural chemical composition. These findings suggest that ultrafiltration is a technology to take into account in the control of microbial contamination of therapeutic spas, and is also advantageous in the long-term from an economic point of view, since the initial installation costs are compensated over time by the lower maintenance costs compared to the previous periodic heat treatment that generated greater technical setbacks (precipitation of salts, incrustation, blockages, etc.) as well as high energy costs.
